INTRODUCTION
A molecular assembly where two or more compounds interact with each other via supramolecular interactions such as van der Waals, electrostatic, dipole-dipole, hydrogen bonding and C-H⋅⋅⋅π, π⋅⋅⋅π stacking interactions. Recently, supramolecular interactions have attracted considerable attention due to the utilization of intermolecular non-covalent interactions is relied upon for the design and advancement of provide useful information about the structure of crystals [10] [11] [12] .
The co-crystals improve properties such as stability, solubility, dissolution rate and bioavailability of compounds due to the crystal lattice of co-crystals, which may include solvent and/or water molecules [13] [14] [15] . Therefore, co-crystal formation is a new strategy to improve the solubility and stability of non-ionizable drugs and industrial useful materials [16] [17] [18] . Recently, our research group focused on the carbazole derivatives which have useful biological properties such as antitumor, anti-inflammatory, antihistaminic and antibiotic [19, 20] . In our ongoing research studies, we prepared a series of carbazole compounds. One of them is N,N´-(((3,6-dichloro-9H-carbazole-1,8-di yl)bis(azanediyl))bis(carbonothioyl))bis(2,2-dimethylpropanamide). This compound has been obtained in powder form. This compound could not be crystallized using solvents such as DMF, DMSO, MeCN and DCM due to its low solubility. Therefore, we did not obtain enough data to confirm the crystal and molecular structure of the prepared compound. So, we tried to obtain a crystal form by co-crystal preparation technique. We only obtained the proper quality crystaline form of this compound using acetic acid as solvate. That means, the addition of acetic acid contributed to the formation of co-crystal and increased the solubility. Therefore, we examined the supramolecular architecture in solid formed by cocrystallization of N,N´-(((3,6-dichloro-9H-carbazole-1,8-diyl)bis(azanediyl))bis (carbonothioyl))bis(2,2-dimethylpropanamide) with acetic acid and investigated the hydrogen bonding, C-H⋅⋅⋅π, π⋅⋅⋅π stacking interactions and synthons formed in the crystalline solid state. Moreover, we visualized and confirmed all these interactions using Hirshfeld surface analysis.
EXPERIMENTAL

Instrumentation
The NMR spectra were recorded in DMSO-d6 solvent on Bruker Avance III 400 MHz NaNoBay FT-NMR spectrophotometer using tetramethyl-silane as an internal standard. For infrared spectra, each compound was recorded in the range 400-4000 cm -1 on a Perkin Elmer Spectrum 100 series FT-IR/FIR/NIR Spectrometer Frontier, ATR Instrument.
The X-ray single crystal diffraction data were recorded on a Bruker APEX-II CCD diffrac-tometer. A suitable crystals was selected and coated with Paratone oil and mounted onto a Nylon loop on the diffractometer. The crystal was kept at T = 100 K during data collection. The data were collected with MoKα (λ = 0.71073 Å) radiation at a crystal-to-detector distance of 40 mm. Using Olex2 [21] , the structure was solved with the Superflip [22] [23] [24] structure solution program, using the Charge Flipping solution method and refined by fullmatrix least-squares techniques on F 2 using ShelXL [25] with refinement of F 2 against all reflections. Hydrogen atoms were constrained by difference maps and were refined isotropically, and all non-hydrogen atoms were refined anisotropically.
Hirshfeld surfaces analysis
Analysis of Hirshfeld surfaces and their associated two-dimensional (2D) fingerprint plots of co-crystal were calculated using Crystal Explorer 3.1 [26] . The Hirshfeld surfaces mapped with different properties dnorm and shape index. The dnorm is normalized contact distance, defined in terms of de, di and the van der Waals (vdW) radii of the atoms. The combination of de and di in the form of a 2D fingerprint plot displays summary of intermolecular contacts in the crystal.
Synthesis and characterization
Precursor materials 3,6-dichlorocarbazole (1), 3,6-dichloro-1,8-dinitrocarbazole (2) and 1,8-diamino-3,6-dichlorocarbazole (3) were prepared according to the previously published method [27] [28] [29] . 
A solution of pivaloyl chloride (5 mmol) in dry acetone (50 mL) was added dropwise to a suspension of potassium thiocyanate (5 mmol) in acetone (30 mL). The reaction mixture was heated under reflux for 30 min, and then cooled to room temperature. A solution of 3,6-dichloro-9H-carbazole-1,8-diamine (5 mmol) in acetone (10 mL) was added and the resulting mixture was stirred for 2 h. After, the reaction mixture was poured into hydrochloric acid (0.1 N, 300 mL), and the solution filtered. The solid product was washed with water and dried (Scheme 1 
Synthesis of co-crystal
2-dimethylpropanamide) were dissolved in 15 mL of acetic acid and heated at 100 °C for 30 min. After ten days yellow plates of the CBT:AcOH (1:1) co-crystal were obtained at room temperature. Color: Grey. Yield: 75%. 
Molecular structure and conformation
Suitable crystals for X-ray analysis of co-crystal were obtained from glacial acetic acid. The co-crystal crystallizes in the monoclinic crystal system, space group P21/c with Z = 4 and in a 1:1 carbazole-based thiourea:acetic acid ratio. Further crystallographic data are presented in Table 1 . Molecular structure of cocrystal is also presented in Figure 4 .
Bond lengths and angles for CBT component of the cocrystal are presented in Table 2 . In the co-crystal, the CBT component is stabilized by intramolecular hydrogen bonds, which are N2-H2···O1 and N4-H4···O2, with 1.92 and 1.93 Å bond distances, respectively (Figure 4 ). These hydrogen bonds cause the formation of two six-membered ring systems. Intraand inter-mole-cular hydrogen bonds and geometrical parameters of C-H⋯π interactions for co-crystal are given in Tables 3 and 4 , respectively. On the other hand, the co-crystal has three kinds of hydrogen bond donors, which are N-H, O-H and C-H. The C-H donors are the C(sp sulphur atom of the CBT component, while carbonyl oxygen atom in the acetic acid is an acceptor atom for methyl hydrogen of the CBT. In co-crystal, there are two kinds of intermolecular interactions between the donor and the acceptor atoms. Firstly, the CBT and AcOH components in the asymmetric unit of the co-crystal are binding with each other via strong intermolecular hydrogen bonds O-H···S between the thiocarbonyl group of CBT component and hydroxyl hydrogen of AcOH component, with S···H distance of 2.33 Å with symmetry code: 1-x, 1-y, 1-z ( Figure 5 , Table 2 ). Secondly, within the crystal lattice, the AcOH component in the co-crystal lock carbazole-based thiourea mole-cules, forming additional three C-H···O intermo-lecular interactions ( Figure 5 , Table 3 ). Table 1 . Crystal data and details of the structure refinement for co-crystal.
Parameters
Co-crystal
Empirical formula C26H31Cl2N5O4S2
Formula weight 612.58 0.69/-0.84 Table 2 . Selected bond lengths (Å) and angles (°) of the co-crystal.
Atom Length (Å) Atom Angle (°)
Cl (1) C (4) 1.743 (4) C (1) N (1) C (12) 107.8 (3) Cl (2) C (9) 1.739(4) C (13) N (2) C (2) 121.1 (3) S (1) C (13) 1.674(4) C (13) N (3) C (14) 127.2 (3) S (2) C (19) 1.667 (4) C (19) N (4) C (11) 125.2 (3) O (1) C (14) 1.225 (4) N (1) C (1) C (2) 129.2 (3) O (2) C (20) 1.228 (4) N (1) C (1) C (6) 109.7 (3) N (1) C (1) 1.386 (4) N (1) C (12) C (7) 110.2 (3) N (1) C (12) 1.386 (5) N (1) C (12) C (11) 128.7 (3) N (2) C (2) 1.430 (5) C (11) C (12) C (7) 121.1 (3) N (2) C (13) Table 3 . Intra-and inter-molecular hydrogen bonds for co-crystal (Å,°) *. * Symmetry codes for co-crystal: i = 1-x, 1-y, 1-z; ii = x, -1+y, z; iii= -1+x, y, z. In co-crystal, intermolecular interactions bond carbazole-based thiourea molecules to form a continuous one-dimensional chain through the b plane ( Figure 5 ). In the crystal structure, the CBT molecules are also linked by intermolecular hydrogen bonds. The N-H···O and N-H···S intermolecular hydrogen bond interactions form among the CBT molecules. These interactions cause the formation of molecular dimers, generating R2 2 (12) and R2 2 (14) homosynthons. The N-H···O interactions occur between the tiyoamide hydrogen of CBT atom and the oxygen atom of carbonyl group, while N-H···S interactions form between the pyrrole amine of CBT and sulphur atom of the thiocarbonyl group. These motifs could play an important role in the stabilization of the co-crystal ( Figure 6 , Table 3 ).
In addition, the presence of trimethyl groups in CBT component lead to the presence of strong C-H···π intermolecular interactions which cause lattice stability. The dimeric entities between the CBT molecules are further supported through strong two type C-H···π intermolecular interactions. The first occurs between the trimethyl group hydrogen atom and the phenyl ring of the carbazole skeleton, while the second one forms between the hydrogen atom of trimethyl group and the pyrrole ring of the carbazole skeleton. The crystal packing of the co-crystal is layered through these interactions ( Figure 7 , Table 4 ). All of these interactions construct a stable framework for co-crystal. 
Hirshfeld surface snalysis
The Hirshfeld surfaces of the co-crystal were analyzed to clarify the nature of the hydrogen bond interactions and close intermolecular interactions in the crystal structure and are illustrated by using the dnorm and shape index Hirshfeld surface. In addition, all interactions were summarized by fingerprint plots. The Hirshfeld
Ilkay Gumus
Co-crystal of carbazole-based thiourea derivative compound with acetic acid: Crystallography and Hirs...
surface mapped with dnorm is the normalized contact distance, which is normalized from de (the nearest external distance), di (the nearest internal distance) and the van der Waals radii of the two atoms to the surface. The two dimensional fingerprint plot is derived from the Hirshfeld surface, these 2D fingerprint plots ensure a visual summary via combination of di and de across the surface of a molecule. In order to understand the interactions of the co-crystal, Hirshfeld surface calculations were performed on both CBT and AcOH crystals and all of the Hirshfeld surfaces were mapped over dnorm and shape index. The dnorm surface of CBT molecule displays the close contacts of hydrogen bond donors and acceptors, but other close interactions are also evident. In dnorm surfaces of the CBT molecule, the large red spots are signs of hydrogen bonding interactions whereas other visible spots are due to weaker interactions. The dominant C-S···H and N-H···O interactions are prominent in the Hirshfeld surface plots as the dark red area. The small and light color red areas on the surface indicates weaker and longer contacts other than hydrogen bonds between CBT molecules. An additional intramolecular C-H⋯Cl hydrogen bond in dnorm surfaces of CBT molecule is observed as a weak red spot due to the presence of the chloro group ( Figure  8 ). In the 2D fingerprint plots of CBT molecule, reciprocal strong S···H and H···O intermolecular interactions, with a contribution of 12.9 and 10.8%, respectively, appear as two distinct spikes. The region in the middle of the fingerprint plot represents the H···H interactions, with a contribution of 33.5%. The Hirshfeld surface analysis of the AcOH molecule reveals C-S···H and N-H···O interactions, which can be seen on the Hirshfeld surfaces as dark red spots corresponding to the short S···H and H···O contacts, respectively ( Figure 9 ). The other light red spot on the Hirshfeld surface are caused by weak C-H···O contacts. The strong S···H/H···S intermolecular interactions, with a contribution of 5.2%, appear as one spike in the 2D fingerprint plot while the strong O···H/H···O intermolecular interactions, appear as two distinct spikes with a contribution of 39.7%. The H···H interactions in AcOH contain 42.9% of the total Hirshfeld surfaces and are intensely visible in the middle of the fingerprint plot. The shape index Hirshfeld surface can be generally used to assign characteristic packing modes, planar stacking arrangements, and the ways in which neighboring molecules contact one another. The hollow red and bulging blue areas on the shape index surface of CBT molecule shows that the C-H···π stacking interactions are dominant identical in the total crystal structures ( Figure 10 ). These regions on the shape index surface are characteristic of C-H···π stacking interactions. These interacions contain 42.9% of the total Hirshfeld surfaces and are visible as "wing" in the fingerprint plot.
CONCLUSIONS
In this study, N,N´-(((3,6-dichloro-9H-carbazole-1, 8-diyl)bis(azanediyl))bis(carbonothioyl))bis(2, 2-dimethylpropanamide) as a carbazole-based thiourea derivative has been prepared. This compound was obtained in powder form due to its low solubility in many solvents. For a detailed analysis of the molecular structure of the compound, we wanted to obtain it in crystalline form by increasing solubility. For this reason, we aimed to make the compound soluble by increasing interactions between the molecules in the compound. To achieve this purpose, we have prepared a new supramolecular cocrystal containing 1:1 ratio of the CBT and acetic acid, increasing intermole-cular interactions. So, the obtained co-crystal was characterized by single crystal X-ray analysis and molecular structure was examined in terms of supramolecular interactions. The structure determination shows that the co-crystal is primarily stabilized by strong O-H⋯S hydrogen bonding and C-H⋯O interactions between the components of cocrystal. The co-crystal is also stacked in a parallel fashion, forming a layered 3D structure held together by C-H⋅⋅⋅π stacking interactions forming between molecules of CBT component. These supramolecular interactions observed by X-ray single crystal diffraction analysis were also examined by using Hirshfeld surface analysis and related fingerprint plots and reveal that the structure is stabilized by H⋯H, O-H⋯S, C-H⋯O and C-H⋯π intermolecular interactions.
